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ABSTRACT
In the field of modern architecture, a clear path indicates architecture’s historical
development, from the very beginning of ancient Egypt to the emergence of modernism in the
first half of the twentieth century, and finally to the dominant architectural style of today.
Compared with the Western world, the Chinese developed their unique architectural style
thousands of years ago. The style can be summed up as the difference between wood and
stone, which deeply influenced surrounding countries. Unfortunately, the evolution of the
style was suddenly interrupted at the end of the 19th century, which was the emerging
modernism in the West. Despite research on the historical background at that time, a
significantly profound question remains: What would Chinese architecture look like now had
it continued to evolve along that line? After the disorderly development of real estate over the
past four decades in China, cities in China have a tedious urban façade. This is because
developers apply the same mode due to the short payback period. Moreover, people’s quality
of life is negatively affected by this situation. To bring traditional Chinese architecture back
to modern residential buildings and solve the problems caused by real estate development, this
study aimed to propose a new residential archetype to respond to the aforementioned facts, to
offer solutions that would lead to an improved dwelling environment, and to examine those
solutions. A large improvement was found compared with the benchmarks.
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1 INTRODUCTION
This study aimed to integrate traditional Chinese architecture into contemporary residential
buildings and solve the problems that have resulted from the unrestrained development of real
estate over the past four decades in China. This introduction chapter offers basic information and
background related to (1) critical regionalism, (2) traditional Chinese architecture, and (3)
industrial real estate in China. Decades of urbanization in China have caused Chinese cities to
lose their identity, with residentials becoming the main building type. Furthermore, the real
estate industry tends to apply the most economical and efficient mode for residential buildings;
therefore, the so-called modern residentials built under this mode are highly similar. Critical
regionalism, the philosophy that works against this phenomenon, was the fundamental reference
theory for this study.
1.1 Critical Regionalism
Critical regionalism is an architectural approach and philosophy that serves as a resistant
medium against ubiquity, placelessness, and a lack of identity of international styles, but it
simultaneously rejects the whimsical individualism and ornamentation of postmodern
architecture. The critical regionalist style seeks to provide an architecture rooted in modern
tradition but closely linked to its geographical and cultural context. Critical regionalism is not
only regionalism in the sense of vernacular architecture but also an incremental design approach
that aims to harmonize global and local architectural language (“Critical Regionalism,” 2021). It
utilizes conventional materials and methods and then interprets them into contemporary
architectural elements, ensuring that buildings feature the particularities of their context. Critical
regionalism will serve as the fundamental theoretical support and main guiding ideology for this
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paper, since it perfectly align with the purpose of the paper, and is an appropriate solution for the
problems that the paper attempted to solve, such as, barely acceptable living condition and
featureless urban façade result from the rapid development of real estate industrial,
disappearance of cultural and historic identity of different city, and the extremely uneven
population distribution. Critical regionalism is focused more on providing solutions for smallscale buildings, such as low- and mid-rise buildings, and less focused on high-rise buildings
(Zahiri et al., 2017). The most common scenario in China is that high-rise buildings are the
dominant type of residential building. To respond to this fact and broaden the research scope of
critical regionalism, this study focused on high-rise residential buildings.
1.2 Traditional Chinese Architecture
Traditional Chinese architecture has a long history that developed for thousands of years through
various dynasties. Moreover, it had a strong influence on the architectural styles of the
surrounding East-Asian countries, such as Korea, Japan, and Vietnam. Ancient Chinese
architecture was mainly timberwork, meaning that all components of the building, such as posts,
columns, beams, lintels, and joists, were made of wood. Chinese classifications of architecture
include pagodas, palaces, pavilions, temples, and gardens. Traditional Chinese architecture had a
rigid hierarchy that was reflected in the materials, colors, roof type, and number of bays. Certain
colors such as yellow and numbers such as nine were strictly reserved for imperial buildings; for
example, only buildings used by the imperial family were allowed to have nine bays. The main
feature of traditional Chinese architecture in terms of structure and appearance was dougong,
which refers to a system of wooden brackets that supported overhanging roofs, as illustrated in
Figure 1. The weight of the roof was transferred through the dougong, which were designed to be
large at the top and small at the bottom. The aim was to concentrate and transfer weight to the
2

columns and ultimately into the ground. Because of the properties of the wood and the delicate
structural designs, traditional Chinese buildings had satisfactory performance during earthquakes
and, theoretically, wood is a renewable source.

Figure 1. Traditional Chinese Wooden Structure
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1.3 Real Estate in China
The real estate industry in China began at a deeper level in the late 1990s with China’s reform
and opening-up. During the last 40 years, housing construction has become a critical point of
economic growth for both local and central government, contributing to considerable growth in
gross domestic product (GDP). In China, land is owned by the government; citizens only have
the right to use it, usually for 70 years. Furthermore, China does not have real property tax. In
addition, local finance is highly dependent on the real estate economy, and housing prices remain
high in large cities. Moreover, to shorten the investment payback period, developers always
apply the same template to different projects, resulting in the urban façade of Chinese cities
tending to be similar and lack unique characteristics (Zhang et al., 2020).
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2 HYPOTHESES
According to the latest census data from the National Bureau of Statistics of China, at the end of
2021, the population of China had reached 1.4126 billion, of which 64.7% lived in urban areas.
However, limited by geographical and climate facts, the population distribution of China is
extremely uneven. A line called the Heihe–Tengchong Line, proposed by the famous Chinese
geologist Hu Huanyong, connects the city of Heihe on the northeast border with the city of
Tengchong on the southwest border, as depicted in Figure 2. Based on data from the fifth
national population census in 2000, the majority of the Chinese population live to the right or
southeast side of the Heihe–Tengchong Line, which accounts for 43.8% of the total land area of
China but 94.1% of the population. Therefore, although China owns the third largest land area in
the world, the population density is extremely high. The situation is made worse by most people
in China wishing to live in urban areas as all resources, such as medical, education, and work
opportunities, are centralized in those areas. This, in addition to geographic conditions, has led to
an extremely high population living in China’s urban areas, resulting in severe housing problems
there.
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Figure 2. Population Distribution in China
Beyond the basic housing demand, another problem for Chinese residential buildings is the
radical and unrestrained real estate wave that occurred for the three decades that followed
China’s reform and opening-up. Numerous people entered the real estate business and
developers always pursued short payback periods, which would allow them to invest in the next
project. In that period, everyone sought to follow the most “efficient” template, which was easy
to construct and low in cost; thus, a “copy and paste” scenario was common. This phenomenon
not only produced numerous quality problems but also monotonous and homogenized residential
buildings. “Qiān chéng yīmiàn” is a phrase used frequently by people and the media in China,
6

which literally translates to “A thousand cities, one appearance.” This aptly describes the fact
that most Chinese cities lost their identity, characteristics, and cultural inheritance. Traditional
Chinese architecture had been inherited for thousands of years, but it was destroyed by the real
estate wave. Imagine a scenario where traditional Chinese architecture had continuously
developed until today without interruption. In Chinese culture, housing is critical – it is not just a
shelter that brings a sense of security but also reflects the Chinese tradition of valuing family. A
sense of community is another crucial feature of traditional Chinese housing. Chinese people
have always valued their relationships with their neighbors. It has been said that “a good
neighbor is better than a brother far away.” However, this sense of community also disappeared
when people moved from courtyards to high-rise residential buildings, along with a loss of a
connection with nature.
In summary, this study aimed to propose a new residential archetype as a solution to all of the
aforementioned problems, attempting to prove that traditional Chinese architecture can still work
and even benefit the modern context. The expected benefits include bringing nature to people’s
daily lives, saving energy and water, and improving indoor environments by increasing interior
daylighting, which were also the references for creating criteria for measuring the success of the
proposed archetype.
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3 LITERATURE REVIEW
3.1 History of and Introduction to Traditional Chinese Architecture
Liang Sicheng was the founder of the study of traditional Chinese architecture. He graduated
from the University of Pennsylvania and devoted his whole life to the protection of ancient
Chinese buildings and the study of ancient Chinese architecture using the Western architectural
system. His Pictorial History of Chinese Architecture contains numerous diagrams drawn during
his fieldwork period, providing precious reference materials for the study of traditional Chinese
architecture in future generations (Liang and Fairbank).
Fu Xinian is recognized as the most authoritative expert in the study of traditional Chinese
architecture and proficient in every form in every dynasty throughout Chinese history. A book
titled Traditional Chinese Architecture collects 12 of his essays for the first time in English,
paying special attention to the technical aspects from individual buildings to the broader city. It
also includes a detailed introduction of various technical terms in the form of a Chinese-English
glossary, which was very helpful when preparing this thesis (Fu et al.).
The theory of Feng Shui is inevitably raised when examining topics related to Chinese
architecture. Essentially, it is how ancient Chinese people interpreted nature, aiming to achieve
harmony with the broader environment and ultimately benefit themselves. It is still a significant
consideration today, especially when projects are related to financial institutions and government
agencies. This natural philosophy provides another perspective to understanding Chinese culture
and traditional Chinese architecture. Ren Haibei also discovered its embodiments in Chinese
traditional domestic architecture (Feng Shui and Chinese Traditional Domestic Architecture ProQuest).
8

Among all types of Chinese architecture, gardens are the most representative in terms of the
essential value of Chinese culture. According to author Chen Song, “the traditional landscape
architecture of China is an elegant expression of Chinese culture” (Integrating Traditional
Chinese Ecological Philosophies Into Contemporary Landscape Practices in China). The
traditional Chinese garden was created to solve the controversy between the desire for a natural
view and such a view’s unavailability due to the limitation of inconvenient transportation at the
time. Stones of bizarre shapes were combined to represent mountains and bodies of water were
used in different forms to represent rivers, lakes, and even oceans. Overall, traditional Chinese
gardens mimic nature and thus emphasize artistic conception and abstract feelings, whereas
Western gardens tend to be ordered. Here, the cultural differences between East and West can be
observed. The author aimed to prove that there is still value to embedding traditional Chinese
philosophies and cultural heritage into contemporary landscapes.
3.2 Attempts to Integrate Traditional and Modern
In 2012, Wang Shu was the first Chinese architect to be awarded the Pritzker Architecture Prize.
His architecture is famous for creating a strong sense of cultural continuity and reinvigorated
tradition, offering an excellent example of the application of traditional Chinese architecture. He
calls his office Amateur Architecture Studio, but in fact he is a master at using form, scale,
materials, space, and light. His selected works illustrate his design philosophy, which offers an
opportunity for exploration (Frampton et al.). In his Ningbo History Museum, seen in the
photograph in Figure 3, he illustrated his theory of how to interpret tradition into a modern
language. He collected wa pan, a traditional Chinese tile from surrounding villages, and applied
them to the façade using the traditional stacking construction method. He combined this with
concrete with a bamboo texture, strongly creating a connection to the local culture and memory
9

in terms of materiality and the Chinese vernacular construction technique. Moreover, he
expressed his idea of the importance of contemporary architecture in generating identity.

Figure 3. Ningbo Museum by Wang Shu
The author Zhuo Xiaoying examined whether traditional Chinese building concepts are
applicable to modern high-rise building in terms of ecological design considerations. Wood has
been a dominant building material in China for thousands of years. The ancient Chinese were
highly concerned about the relationship between personal living space and the broader
environment. The word “harmony” is used to describe this relationship and is considered the
ultimate pursuit, not only for habitat but also for life guidance. The choice of wood for building
materials is a critical embodiment of this concept due to its sustainable and renewable properties.
Based on this, the author hoped to find solutions to climate change and the continuing population
explosion (Zhuo). Wood was always the dominant material in traditional Chinese architecture,

10

but it began to be replaced by concrete and steel in the early 1900s. Compared with concrete and
steel, wood performs better in terms of environmental friendliness; is a renewable and
sustainable material that can be collected locally and with a relatively low carbon footprint; is
easy to process; can be constructed more flexibly in terms of a variety of forms; and can be used
in various components, such as floors, beams, and envelopes. Recently, people are again
considering wooden structures. An increasing number of architects are attempting to utilize
wood as the main element for their designs. Even high-rise buildings entirely made of wood can
be observed.
Based on extensive research of functional programs and the configurational desire of ancestral
halls in Chinese villages, Tian Gangyi attempted to demonstrate that the contemporary
architectural concepts of open buildings and multi-purpose designs already existed in Chinese
traditional vernacular architecture. The essence of Chinese architecture is the maximization of
modular components and standard plans to suit most functions, which also proves this
hypothesis. Figure 4 clearly illustrates this idea. Moreover, similarities can be observed between
different building types; regardless of whether it is an imperial palace or a graveyard, all
buildings shared the same design logistics and theories. Large blocks with critical functions were
placed on the invisible middle axis, while small blocks with less critical functions were located
on the symmetrical ancillary wings on the left and right sides of the axis, linked by covered
verandas. Different blocks always tended to be enclosed as an open space, which was the most
important site through which Chinese people attempted to build their interactions with nature. It
was a courtyard in a dwelling house and served as a plaza for hosting vital royal ceremonies for
the palace. In a further exploration, the author discussed the possible application of traditional
Chinese vernacular architecture in flexible adaptive in the contemporary context (Tan).
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Figure 4. The Layout Patterns of Chinese Architecture
(redrawn based on “The History of Chinese Architecture” by Chuta Ito)

Liu Yun also attempted to interpret some distinctive traditional Chinese architectural elements
into contemporary architectural design, covering three areas: the harmonious relationship
between nature and the built form; the balance between solid and void; and the unification of
spatial organization and the structure system (Integrate the Tradition into the Present Life).
Finally, Liu applied the study results to the design of a new Chinese community center in
Chicago’s Chinatown, as depicted in Figure 5. The existing Chinese community center was
combined with traditional Chinese as well as Western architecture – a typical symmetrical
Western style with a traditional Chinese roof. The whole combination looks bizarre, attempting
to mix the two styles but without a clean logic and lacking theoretical support.
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Figure 5. Chinese Community Center in Chicago’s Chinatown
Xu Weiwen focused on the phenomenon of most recent architectural works in China neither
lacking a cultural appearance nor successfully achieving an inner meaning. Xu felt that the
ignorance of tradition was the main reason for this problem and attempted to solve it through an
approach called traditional image design (Construct and Present the Traditional Image in
Chinese Contemporary Architectural Design --in the Case of Three Architecture Events ProQuest), taking a design cue from traditional culture and combining it with modern
technology. The Suzhou Museum designed by I. M. Pei, presented in Figure 6, is a strong
example of the application of traditional to modern as a design solution. Pei transferred some
traditional elements into basic geometric shapes. Although the museum was mainly built from
glass and steel, all of the black and white color patterns from local traditional dwellings, sloping
13

roofs, and a layout highly related to the courtyards and ponds give it a strong feeling of
traditional culture.

Figure 6. Suzhou Museum by I. M. Pei
Liu Qi focused on traditional villages in southern China in terms of spatial art and sustainable
features. Liu found that many traditional Chinese villages exhibit an extraordinary ability to
adapt to the local environment and climate through the use of vernacular methods related to
special spaces. The study aimed to establish a pedigree of the artistic features exhibited in
traditional Chinese villages to support sustainable development (Liu et al.). Yao dong, depicted
in Figure 7, is a traditional Chinese form of residential building that mainly appears in the Loess
Plateau area of northwest China, where cave dwellings have a long history, which was
transferred to the yao dong style of dwelling. Benefiting from the deep loess soil layer and its
14

flexible plasticity, this residential form does not collapse easily; moreover, the thick earth
envelope provides effective insulation in terms of a thermal buffer, keeping the indoor
environment cool in summer and warm in winter. In addition, as it is cost-saving in terms of
materials and construction, it is an appropriate solution for responding to the local climate.

Figure 7. Traditional Yao Dong (Cave Dwellings)
Different from the arid Loess Plateau, the Yunnan–Guizhou Plateau has a typical subtropical and
tropical monsoon climate, with high annual precipitation, a hot climate, and high vegetation
coverage. As a result of the karst landforms, the ground is also rugged. Therefore, ventilation,
heat dissipation, drainage, and the rugged terrain were all considerations of local residents. Their
solution was diao jiao lou, depicted in Figure 8, which is a perfect response to the climate. The
upper floor is supported by slim columns made of bamboo, ensuring easy air circulation and dry
living conditions. The buildings are always close to a natural body of water, which offers a
15

microclimate that is much cooler in summer due to water evaporation. The buildings are mainly
built using locally collected bamboo, which is a renewable, light, flexible, and – most crucially –
water-resistant material.

Figure 8. Traditional Diao Jiao Lou (Stilt Houses)
3.3 Fourth-Generation Residential Buildings in China
In China, residential buildings are defined by different generations based on their unique
features, as depicted in Figure 9. The first generation was thatched buildings, which was the most
primitive and original type of dwelling; the second generation was brick buildings, a material
that offered greater possibilities for building design; and the third generation was elevator
16

residential buildings, which were a huge leap forward in many ways. They brought a convenient
and decent standard of living for people; however, they also caused problems, the most serious
being an increased distance between humans and nature.

Figure 9. Evolution of Residential Buildings in China (Generation 1–3)
Limited by material and construction technology, generation 1 and 2 have relatively small
building volumes. Generation 3 made a huge leap forward in terms of the scale. The use of
concrete and steel in generation 3 residential buildings assures that building components have
extremely high strength, allows the structural system to have more load bearing capacity, and,
the use of elevators makes it possible to build much taller buildings.
This has changed people’s live in many ways, the ground floor of high-rise residential buildings
is always for commercial purposes, including restaurants, convenient stores, clinics, etc.,
covering almost all of the basic demands of daily life. Additionally, high-rise residential
buildings can save more land area for other uses, such as landscaping, agriculture, and industry.
All of these have the potential benefit of greater economic development.
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Recently, the latest version of residential buildings – the fourth generation – was proposed by
Tsinghua University in China. The main characteristic of this type of residence is that each unit
will have its own private courtyard, bringing nature back to people’s daily lives, as depicted in
Figure 10. Automatic irrigation systems (a very mature technology) will be applied to the
gardens, reducing the cost of maintenance. The courtyard will also work as a sound barrier,
regulate the microclimate, and ensure the solar gain of the indoor space. However, different from
the traditional type of courtyard and in line with high-rise residential buildings, the courtyard for
each unit will be vertical.

Figure 10. Courtyard for Each Unit in Fourth-Generation Residential Buildings
Another main highlight for fourth-generation buildings is the parking system, as depicted in
Figure 11. Vehicle elevators will allow residents to park in a parking lot on each floor; thus, the
parking lot will also be vertical. An intelligent system will scan the car’s plate and then bring it
to the corresponding level, where the driver will drive out into the parking lot before walking to
their home. Due to the use of a conventional elevator and no need for underground parking,
construction costs will be significantly reduced. A different layout on each floor will ensure the
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privacy of each family as well as natural light. The gardens, streets, and pedestrians will together
create a sense of community on a small scale on each floor.

Figure 11. Parking Lot for Each Floor in Fourth-Generation Residential Buildings

Figure 12. Fourth-Generation Residential Building in China
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3.4 Prefabrication
Beside the layout pattern, traditional Chinese wooden structures also exhibit a modular feature
that can be flexibly reused between different building types. A dougong, depicted earlier in
Figure 13, is an interlocking wooden bracket that transfers the weight of the upper roof to the
columns by combining sub-level dougong into a more complex interlocking set of brackets.
Instead of nails or glue, traditional Chinese structures used the tenon and mortise method to
connect components. In fact, dougong is an assembly of the words dou and gong, with dou being
a large wooden block on the columns and gong being the bow-shaped brackets that support the
beam or another gong above it.

Figure 13. The “Dougong” System
The modular system, based on which ancient architecture is designed, is also called cai fen
(“material division”) and is depicted in Figure 14. The dougong of ancient Chinese architecture,
through continuous development and evolution, gradually became a formalized component. To
meet design needs and facilitate the estimation of the installation and production of materials and
components, ancient craftsmen calculated the section of dougong as the basic size for weighing a
wooden frame during the Tang Dynasty. The first time that this unit of calculation was named
cai (“material”) was in Construction Method (《营造法式》) during the Song Dynasty, which
20

marked the normalization of traditional Chinese architecture. The size of the cai is divided into
eight grades, and each grade has a specific size, from the first to the eighth, which are suitable
for different sizes of buildings.

Figure 14. “Cai Fen” (Material Division) – Grades 1 to 8 (from left to right)
The similar layout patterns and modular thoughts in wooden structural systems all share the same
idea with today’s prefabrication construction method, although there are thousands of years
between them. They are all developed based on a basic standard unit, with the components
already being built before the construction process begins – the only work on site is to assemble
the various components. Inspired by all of the aforementioned traditional modular systems, the
present study employed the construction method of prefabrication, which is a delivery method
wherein building components are prefabricated off-site and then transported to the job site for
assembly, as depicted in Figure 15. It allows the on- and off-site work to occur in parallel,
reducing the workload and time significantly, and moreover, it is easy to replace and maintain.
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Figure 15. Conventional Construction Process vs. Prefabricated Modular Construction Process
Prefabricated modular construction can also be classified as 2D modular and 3D modular
construction. Here, 2D modular refers to the panel components, such as the wall, floor, and
ceiling, whereas 3D modular refers to blocks, which are the basic functional unit of the building.
Table 1 presents the related activities within conventional, 2D modular, and 3D modular
construction. Comparing the data reveals a clear difference between the durations of
conventional and modular construction because activities such as onsite cutting and assembly
take more time, even within modular construction. Moreover, 3D modular construction still
exhibits a significant advantage in terms of time savings; therefore, prefabricated 3D modular
construction was adopted in the present study for the proposed design.
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Table 1. Comparison of Activity Durations for Conventional, 2D Modular, and 3D Modular
Construction

Nakagin Capsule Tower in Tokyo, presented in Figure 16, was built in 1970 and is a well-known
application of prefabricated construction; however, it was recently torn down as a failed
example. The purpose of the project was to respond to the population boom during Tokyo’s
period of rapid economic development, but it lacked sufficient consideration before construction.
Each unit was only 108 square feet. The highly depressing indoor space made people unwilling
to live there, resulting in less maintenance. The architect ignored basic human demands for living
and simply attempted to realize his design philosophy. For the design proposed in this study, the
author sought to learn the lesson of why this project failed and thus avoid making the same
mistakes. These mistakes were as follows: (1) only one room type was provided, and it was small
and depressing, and (2) there was no public and open space for residents – the whole building
was more like a living machine, which felt impersonal.
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Figure 16. Nakagin Capsule Tower in Tokyo
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4 THEORY AND METHOD
4.1 Theory
One of the important core values of traditional Chinese architecture is achieving a harmonious
relationship with nature. A siheyuan, a courtyard-style traditional Chinese building that is
depicted in Figure 17, is a representative case for studying the possible application of this value
in terms of solving recent dwelling problems encountered in China. A siheyuan, which directly
translates to “quadrangle,” is a house built on four sides to form a central courtyard, where the
open space enables people to connect with nature and also acts as a social space, not only for the
family but also for neighbors. It was a common traditional form of dwelling found across China
with a history of over 2,000 years. On the one hand, siheyuan are the template and a cultural
symbol of Chinese architecture. The open courtyard let in sunlight, cold, and wind, making it
sustainable by reducing energy consumption. The entrance was located in the southeastern
corner, as prescribed by Feng Shui. On the other hand, the living conditions were harsh from a
contemporary perspective due to the lack of modern facilities. Chinese people always attached
significant importance to living, not only for shelter but also to reflect the Chinese tradition of
valuing family. Unfortunately, today’s Chinese people face numerous difficulties in realizing
their desired living conditions throughout the rapid economic growth of the past decades, the
reasons for which are the high population density, lack of regulation, and less developed society.
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Figure 17. General Layout of a Siheyuan
4.2 Method
This study’s solution for this problem involved proposing a conceptual template called a vertical
courtyard, integrating the traditional Chinese residential form into contemporary living
conditions based on research on traditional residential buildings and related studies. Literally, a
vertical courtyard is a vertical or high-rise version of the traditional siheyuan, aiming to combine
their advantages and mitigate their drawbacks simultaneously. In the Chinese academic field, a
similar concept is called the fourth-generation residence, which follows the first-, second-, and
third-generation thatched houses, brick houses, and elevator residences, respectively. The fourthgeneration residence has several benefits, including an open view, privacy, security, solar gain,
and a convenient and affordable price. This template will enable a tremendous advance to be
achieved in terms of sustainability. Regarding the social aspect, this residential form will
reconnect the relationships between neighbors, which are unforgettable memories for most
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Chinese people from before they moved into high-rise residential buildings from courtyard
buildings. Regarding the environmental aspect, this form brings nature into the urban context,
facilitating the process of reducing one’s carbon footprint. Regarding the economic aspect, an
identical size area will now have a much larger plot ratio, and thus, house prices will fall
accordingly. The present study generated an archetype for further adaptive application by
introducing a more comprehensive design and performing computer-based analysis.
4.2.1 3D Model and Software Analysis
To examine the feasibility and efficiency of the design theory, a 3D model was created using the
Sketch Up software package. Other software was used to analyze and examine whether the
proposed design was a success. An AutoCAD plug-in was then used to examine the solar gain
performance with the aim of selecting the appropriate building shape. Furthermore, a daylight
visualizer software package called VELUX was used to analyze the interior daylighting
performance of the proposed design and benchmark. Measurements of other criteria were mainly
based on the model information as well as the data and information collected through the
research instead of software analysis. After calculating the proposed design based on the created
criteria, the results were then compared with the benchmark to measure whether the proposed
design was a success and, if it was, how much of an improvement it would achieve.
4.2.2 Criteria and Evaluation
To calculate the design and energy strategies’ performance in terms of sustainability, quantitative
criteria were established to compare the proposed design with the benchmark. The aim was to
determine how much energy could be saved or how much of an improvement could be made
compared with the benchmarks. The criteria were established according to the hypothesis
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developed in Chapter 2, which are 1) Traditional Chinese architecture can still inspire and
benefit contemporary residential designs, and 2) Traditional Chinese architecture can respond to
the problems created by real estate development of past four decades. The three criteria were as
follows: (1) increase the area of green space; (2) save total water consumption, and (3) provide
interior daylighting. Traditional Chinese architecture has always been dedicated to pursuing a
friendly relationship between humans and nature and achieving harmony between the two. This
means living with the natural environment but not changing or destroy it as well as balancing
people’s quality of life with the maintenance of the natural environment.
For the past four decades, most Chinese people have lived in a concrete box and had little access
to nature. Thus, to bring nature back into people’s daily lives, improving the green area ratio for
residentials is critical. Therefore, improving the green area ratio was one of the criteria in this
study and was calculated before being compared with the benchmark. In addition, traditional
Chinese architecture pursued sustainable development; therefore, many energy saving strategies
were applied for the proposed design. Saving water was one of the criteria and was calculated
and measured based on the research and then compared with the benchmark. Interior daylighting
is another important variable for creating a comfortable indoor environment; thus, to improve
living standards affected by the fast development of the real estate industry, improving interior
daylighting was one of the criteria and was measured as the percentage of the floor area with
access to daylight.
For this study, different benchmarks were applied to corresponding criteria; for example, the
benchmark for green space was based on the regulation of the municipality of Shanghai, which is
a minimum green area ratio of 30%. The benchmark for water consumption was based on
research about a typical residential community with a water harvest system. The benchmark for
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interior daylighting was based on an analysis of a conventional residential building in China in
terms of interior daylighting performance. Then, to compare how much the proposed design
improved the criteria, there were three benchmarks, but they were all related to typical and
representative residential buildings in China.
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5 PROGRAMMING
5.1 Precedent Study
The purpose of the precedent study was to apply the positive aspects of related projects to the
proposed design as well as to avoid making the same mistakes. The precedent study was
conducted in two parts: (1) The first part, titled “Modern Timber Building for Sustainable
Concern” (Section 5.1.1), examined how tall a timber structure could possibly be; and (2) the
second part was titled “Attempts at Applying Traditional Chinese Architecture to Modern
Design” (Section 5.1.2). In the first part, cross-laminated timber (CLT) is first introduced since it
is essential for achieving the sustainable purpose of high-rise timber buildings.
5.1.1 Modern Timber Building for Sustainable Concern
The Sara Cultural Center, presented in Figure 18, located in Skellefteå, Sweden, is a cultural
complex designed by White Arkitekter. The building is 80 m high with 20 stories, making it one
the tallest timber buildings in the world. It contains a theatre, library, gallery, hotel, and
restaurant. Openness to the public and sustainability in terms of the timber structure are the main
concerns of the design. Below the Arctic Circle in northern Sweden, there is a long tradition of
timber architecture, which became the main inspiration for the project. Many of the entrances to
the building are transparent and open to the public to attract people to hold more activities in the
building. The taller part of the building, where the hotel is located, consists of prefabricated
modules in CLT stacked between two elevator cores, which could be made entirely from CLT
due to their placement and design. Wooden structures can withstand harsher weather as well as
reduce energy consumption, while green roofs insulate from extreme hot and cold weather,
absorb noise, and preserve biodiversity (SkellefteåCultural Centre, n.d.).
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Figure 18. Sara Culture Center

At a height of 85 m and 18 stories, Mjøstårnet (see Figure 19) was claimed to be the tallest
timber building in the world after it was completed in March 2019. It is a mixed-use tower with
functions such as a hotel, offices, and residential. In addition to its extraordinary height, the
entire structure system is built from CLT. The whole building required 3500m3 of timber or
approximately 14,000 trees.
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Figure 19. Mjøstårnet – The Tower of Lake Mjøsa

Developed in 1996 in Austria, CLT is considered one of the hottest construction materials,
mainly in Europe at first but now prevailing in other parts of the world. CLT consists of an odd
number of layers (typically three, five, or seven) of kiln-dried lumber boards glued together in
perpendicular directions. These solid panels are then compressed and set to dry (CrossLaminated Timber [CLT] – APA – The Engineered Wood Association, n.d.). CLT is
prefabricated and possesses excellent mechanical properties. It can support a heavy load
compared with its own weight, saves costs in terms of less material and labor, and reduces
material usage by approximately 15% compared with conventional constructions that use
concrete, steel, and masonry. Moreover, CLT buildings are approximately 30% lighter than an
equivalent steel or concrete frame. They are precisely manufactured and processed to actual size
in computer numerical control (CNC) mills; thus, CLT is fast and easy to install (one-third faster
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than gauge steel) and lead to almost no waste onsite (Benefits and Risks of Building with Cross
Laminated Timber, n.d.). Furthermore, CLT has superior performance in terms of acoustic, fireresistant, seismic, and thermal properties and, most importantly, is sustainable with low
environmental impacts. Lastly, wood is renewable and replenishable with a low carbon footprint
as it is sourced from local resources and manufacturers.

Figure 20. Cross-Laminated Timber (CLT)
Figure 21 depicts the prefabricated modular construction process using CLT, which is strong
enough to support large loads. The building envelope and floor are CLT 2D modular
constructions while the housing units are CLT 3D modular constructions. After the CLT modules
are produced in a factory, they are delivered to the construction site. Then, all of the
prefabricated components are jacked up using internal scaffolding and a large crane.
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Figure 21. Construction Process of Prefabricated Modular CLT

5.1.2 Attempts at Applying Chinese Architecture to Modern Design
The China Academy of Art, depicted in Figures 22 and 23, is the most representative and famous
project of Wang Shu, the first Chinese architect to win the Pritzker Architecture Prize in 2012.
Wang's answer to the question of how traditional Chinese architecture can be integrated into
modern Chinese architecture was entirely based on his personal thinking and philosophy. The
planning of the campus pays attention to the artistic conception and protection of the ecological
environment, creating reasonable functional partitions, buildings, spaces, landscapes, and natural
environments in the general campus layout. The general arrangement of the terrain and
environmental characteristics follow the principles of simplicity and efficiency. Furthermore, the
partition is clear and fully considers the future development of variability and integrity. The
design idea was generated by following a process of bringing nature back to the architectural site
and to daily human life. Starting with a traditional Chinese garden philosophy, the overall
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architectural layout and landscape attempt to create a variety of pedestrian routes and to achieve
harmony between human and nature.

Figure 22. Waterfront View of the China Academy of Art
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Figure 23. Bird’s Eye View of the China Academy of Art

Figure 24 depicts the materials selected for the China Academy of Art, which are based on the
traditional Chinese architectural context, including rammed earth, reused brick and tile collected
from the local area, and wood and bamboo from local forests. All of these materials are made
from natural resources, are easy to access and cost-saving, and involve low energy consumption
and a low carbon footprint.

Figure 24. Materiality of the China Academy of Art
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Figure 25. Structure of the China Academy of Art

The structure design presented in Figure 25 is one of the main characteristics of the project. It
took cues from the structure system from traditional Chinese architecture, such as the large
sloped roof and dougong, as discussed earlier. Although the design elements originated from
tradition, they are a reinterpretation of some famous icons. The structure combined with the
materials selected provide a conventional atmosphere.
The San-He Residence is another excellent work by Wang Shu, the name of which means a
house enclosed on three sides with one side open. It is located in an art park with works by other
architects. The site is on the peak of a small hill, which gives the building a wonderful view. I
visited this building before, which was an unforgettable memory in my life. I felt the power of
the architecture – the feeling and quality of this building really touched me. Because the building
is located on the top of a hill, visitors only see part of the building when they walk up instead of
the whole picture of the building. This process creates a sense of mystery and increases visitors’
curiosity.
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Figure 26. San-He Residence (Aerial View)

When visitors finally reach the building after an exhausting trip, the view in Figure 26 that greets
them will have an effect akin to releasing their body. The central open space enclosed on three
sides is a good summary of a traditional Chinese residence. Trees and a pond surrounded by a
trail bring nature into the residents’ daily lives. It is simple and effective. The design is an
accurate refinement of tradition.

38

Figure 27. The Central Open Space

Figure 28. The Central Open Space from the Opposite Side
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Figure 29 depicts the design method of a traditional Chinese garden, which is called borrowed
scenery. The sloped roof covering the houses on two sides, together with the floor, become a
picture frame. The view is from the outer space but in one’s frame it presents the idea of how
ancient Chinese people pursued interaction and harmony with nature. This frame also works as a
passage that connected the inner space with the outer space.

Figure 29. Borrowed Scenery
The materials are traditional and collected locally. The tiles on the wall are called grey brick and
the color variation lends a special texture to the façade. Furthermore, the fence on the stairs was
made using a traditional handicraft called bamboo weaving. The stone for the other walls is also
a local material.
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Figure 30. Materiality of the San-He Residence

From the precedent study regarding timber structural buildings, CLT, and attempts at applying
traditional Chinese architecture to modern design, the following findings were obtained: (1) the
tallest timber-structure building ever built is 85 m high and with a satisfied performance, offering
a strong setting for further design; (2) CLT possesses numerous excellent properties, such as
facilitating the production and construction processes, saving costs and energy, and being
environmentally friendly; and (3) the extraction of symbols and elements of traditional Chinese
architecture to be rationally and appropriately used can create an atmosphere full of historical
and cultural charm. These elements include the layout, structure, and materiality.
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5.2 Site Analysis
5.2.1 Site Selection
Figures 30 illustrates China’s climate zones, which can be used as a guide for building pyrology.
The five climate zones are severe cold, cold, hot summer cold winter, temperate, and hot summer
warm winter. The selected site was located in Shanghai, which is in the “hot summer cold
winter” climate zone, giving it four distinctive seasons. This makes it feasible for future
application to other cities in China.

Figure 31. China Climate Zone Map
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Besides weather, Shanghai is the most populous urban area in China and the most well-known
international city to the world. Geographically, it is located on the Yangtze River Delta in eastern
China and has always been described as the first stop of the mainland. Shanghai is a global
center of finance and is the most representative city in China in terms of reflecting the country’s
booming economy. In 2019, Shanghai had a GDP of US $539 billion, making it the richest city
in China; thus, it can offer great financial support for this kind of project. Besides the economy,
Shanghai is also one of the most significant innovation centers in the world, often playing the
role of testing ground for new technology and style in China. Succeeding here will ensure a
further influence in other cities in China. The North Bund area is located in Hongkou district,
which is a historical area that had witnessed the modern history of both Shanghai and China. In
1848, it was the American Concession and then merged into the International Concession in
1863. When Shanghai was occupied by the Japanese during the Second World war, Hongkou
district was the main residential area for Japanese people. In 1941, the Japanese army forced
approximately 23,000 Ashkenazi Jewish refugees from Nazi-occupied Europe to live in an
overcrowded square-mile section of Hongkou district known as the Shanghai Ghetto. The North
Bund area lines the waterfront along the Huangpu River, across which are the Bund and Lujiazui
CBD, which are landmarks that represent Shanghai’s past and present. The North Bund is
undergoing changes with the goal of creating a further global headquarter center. The
government also aims to apply technologies such as AI, 5G, and big data to the planning and
construction in an attempt to achieve the goal of sustainability.
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Figure 32. Site Area
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The area where the site is located is under a revitalization project led by the local government,
the goal of which is to create the living room of Shanghai, meaning that the city aims to present
the best of local culture, history, and economic achievements to visitors. In addition, the block
where the selected site is located is classified as residential use. These two factors offer an
excellent opportunity for innovative residential buildings of high quality. The surrounding area,
shown in Figure 33, is mainly occupied by commercial uses, giving it convenient access to malls,
bank, and gyms. There is also a stream called Yujingpu close to the site, which could be used as
one of the design elements to enable a relationship and interaction with it. Moreover, the
Huangpu River is just five minutes’ walk from the site, and there are no tall buildings to the
south, providing a comfortable riverside place for residents as well as a wide view.

Figure 33. Site Location
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5.2.2 Physical Factors
Overall, the climate of Shanghai is a subtropical maritime monsoon climate with four distinctive
seasons. Summers are always hot and wet, whereas winters can be cold at night as a result of
cold air from Siberia to the north. As indicated in Figure 34, on average, the warmest month is
July with an average maximum temperature of 89°F (32°C), while the coldest month is January
with an average minimum temperature of 34°F (1°C). December is the driest month and August
is the wettest month in terms of precipitation. May and October are the best time of year to visit
with an average temperature between 68°F (20°C) and 77°F (25°C). The average annual
maximum temperature is 68.9°F (20.5°C), whereas the average annual minimum temperature is
57.56°F (14.2°C).

Figure 34. Mean Minimum and Maximum Temperatures Throughout the Year

As indicated in Figure 35, the average annual number of sun hours is 1780. On average, July is
the sunniest month with 191 hours of daylight, whereas January has the least daylight with 112
hours.
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Figure 35. Monthly Total Sun Hours Throughout the Year

As indicated in Figure 36, the average annual number of rainy days is 123. On average, March is
the rainiest month with 13 days of rain/snow, whereas October is the driest month with seven
rainy days.

Figure 36. Average Number of Days Each Month with Rain, Snow, or Hail

As indicated in Figure 37, the average annual humidity is 74%. On average, June is the most
humid at 79%, whereas December is the least humid at 71%. The humidity does not vary too
much throughout the whole year, tending to be a horizontal line and always above 70%. Thus,
Shanghai is a humid city.
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Figure 37. Mean Monthly Relative Humidity Throughout the Year

As indicated in Figure 38, the wind speed in Shanghai is very stable at 3 m/s from January to
August and 2 m/s from September to December. Overall, the wind speed in Shanghai is
considered a light breeze.

Figure 38. Mean Monthly Wind Speed Throughout the Year
In brief, Shanghai is a city with four distinctive seasons. It is a rainy place with high humidity all
year; therefore, waterproof and water-resistant materials and structures are the main
considerations. There are a sufficient number of sun hours throughout the entire year to enable a
photovoltaic energy strategy; however, the wind speed is too low for wind turbines to be a viable
option.
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5.2.3 Regulatory Factors
Code/Description
§2-5/Building Use

§3-18/ Ground Floor Area

§5-34/Setback

§6-51/Story Height
§9-64/Building Coverage
Ratio (BCR)
§9-64/Floor-Area Ratio
(FAR)

Requirements
Type 3 Residential District
(R3): High-rise Residential
Building
Minimum Ground Floor Area
for High-rise Residential:
2000 m2 (21,527.82 ft²)
When Building Height
24<h≤60 m, Minimum
Setback 8 m (26′3″)
≤3.6 m (12′)
25%

Proposal
High-rise Residential
Building

2.5

1.78

2027 m2 (21,818 ft2)

8 m (26′3″)

3.0 m (9′10″)
15%

Table 2. Code Summary

The regulatory analysis, including zoning and building codes from the Regulations of Shanghai
Municipality on the Administration of Urban Construction Planning authorized by Shanghai
Municipal People’s Congress, provided some technical limits for the project. For a type 3 highrise residential building (R3), the minimum ground floor area is 2000 m2 (21,527.82 ft²), while
the proposal was 2027 m2. The required story height is not allowed to exceed 3.6 m, and the
proposal was 3 m. The building height for type R3 is between 24–60 m, and the proposal was 45
m with 15 stories. The proposed setback is equal to the minimum setback of 8 m.
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5.3 Context Analysis

Figure 39. The Site’s Surroundings

As indicated in Figure 39, there are a variety of public transportation options within a 400-m
pedestrian circle (Bus: 19, 22, 25, 37, 61, 100, 135, 317, 330, 854, 868, and 934; Metro: Line
12). In addition to the common public transportation options, public bike share (PBS) schemes
are a very popular means of transportation in China, which has solved the so-called last mile
problem, namely the distance from the bus stop or subway station to one’s home. The public
shared bikes in China are also dockless, meaning that they can be parked anywhere, which offers
a whole link from one’s home to one’s destination. In general, the site location has excellent
transportation resources. It is located close to the intersection of East Changzhi Street and
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Suyang Street. East Changzhi Street has heavy traffic, so noise is a consideration, whereas
Suyang Street has relatively light traffic. Furthermore, the small stream Yujingpu provides an
opportunity for a waterfront design. The waterfront green land and pedestrian can also be
accessed within 400 m, which are great places with stunning views to relax.
According to the seventh national population census, the total population of Shanghai is
24,870,900, 10,479,652 of whom are long-term immigrants, accounting for 42.1%. The average
household size is 2.32, as indicated in Figure 40. In total, those aged 0–14 years number
2,436,296, accounting for 9.8%; those aged 15–59 years number 16,619,137, accounting for
66.8%; and those aged 60 years and above number 5,815,462, accounting for 23.4%. Long-term
immigrants are mainly young people from other provinces of China who almost always live
alone, accounting for 42.1%, an increase of 16.7% from 10 years ago. Approximately, those aged
under 24 years account for 29.7%; usually, this age group is not married and live with their
parents, which is the typical household mode of three family members.

Figure 40. Age Pyramid of Shanghai
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5.4 Client and User Values
Residential buildings in China are highly related to people’s lives and the national economy. In
traditional culture, property is a large source of security for most Chinese people, who generally
desire their own house, even it involves a lifetime mortgage. In most Chinese cities, local
governments’ financial situation is mainly based on real estate development; therefore, the
residential buildings in China mean a great deal to both people and government. However,
developers pursuing short payback periods has led to numerous residential buildings of low
quality in terms of their indoor environment, fire protection, and outdoor spaces.
5.5 Project Goals
To respond to client and user values, the primary goal of this project was to provide modern and
comfortable living standards. Moreover, the proposed design sought to include social and
cultural inheritance, attempting to combine the traditional and modern, create precious memories
from people’s daily lives, and eventually generate an archetype that can be further adaptively
applied to other areas with different environments in China. Sustainability was also a large
concern for this design. Prefabricated modular construction using CLT was selected, which is
also related to traditional Chinese architecture.
5.6 Constraints and Opportunities
This section serves as a conclusion for Chapter 5 on programming, which sought to obtain the
necessary information and determine the problems that should be avoided as well as the possible
strategies that could be applied. From the precedent study, various factors were explored for the
proposed design. For reasons of sustainability, a prefabricated timber structure using CLT was
applied to the proposed design. The precedent study examined the possibility of achieving a
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high-rise building and excellent sustainable performance in terms of energy savings. The first
floor is concrete, while above that is an exclusively timber structure. To integrate iconic Chinese
architectural elements, a large sloped roof, dougong, and materials are employed to effectively
create a conventional atmosphere. The site analysis discussed the leading role of Shanghai in
applying new technologies and styles, which was also the reason for the site selection. The
physical factor section reported the main climatic features of Shanghai, namely four distinct
seasons with high humidity. The regulatory section provided the basic information of the site and
also discussed the limitations of the design. The context analysis revealed that the specific site
location has many advantages that can be utilized, including convenient public transportation,
bodies of water, and green space. Table 3 presents a summary of the constraints and
opportunities of the site:
Constraints
•

The site is located in
downtown Shanghai near an
intersection of two streets;
therefore, noise was a major
concern

•

•

The minimum ground floor
area is 2000 m2 (21,527.82 ft²),
so commercial or public space
on the ground floor was
considered

•

The maximum height of each
floor is 3.6 m (12′), which
allows higher windows for
solar gain as well as different
space strategies

•

The area where the site is
located has a different
architectural style, and how to
fix into it was a large concern

•

Shanghai is open to this new
experiment, and there are still
few related projects in China

Physical

Regulatory

Cultural

Opportunities

•

The site has convenient
accessibility to waterbodies
and green space; a waterfront
design was considered
There are no tall buildings to
the south of the site, so
obtaining natural light without
it being blocked was a concern

Table 3. Constraints and Opportunities
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5.7 Space Requirement
Although this is a residential design, according to the research and goals, a few more functions
were also required. For the outdoor space, to ensure a relationship with the stream near the site, a
landscape design was employed, including a waterfront park and commercial space. The site has
good access to a variety of transportation options, so a drop-off zone will be provided for
residents. For the indoor space, to provide suitable options for different individuals and families,
there will be multiple room types for singles and families of different sizes; accordingly, the
prefabricated modular unit will also have three different sizes, namely small (S), medium (M),
and large (L). Different from conventional residentials, the parking lot and street-front stores will
be shifted indoors. In addition to this function, there are some activity places with different
purposes, and to respond to the goal of sustainability, there will also be a food hub in the
building. Table 4 lists and describes all of these spaces.
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Area
Waterfront Park
Waterfront Commercial
Outdoor Space
Transportation Drop-off Area

Single
(S)

Housing Unit

Indoor Space

“Street front”
Commercial

Family with
Three Members
(M)
Family with
Five Members
(L)

Restaurant
Caffe
24-hrs
Convenient
Store
Office

Day Care
Gym
Bar
Movie Theater
Parking Lot

Description
A landscape design near the stream,
including sidewalk and green land.
Waterfront commercial like food
truck.
A drop-off area served as a transfer
space between public transportation
and inner space.
Relatively small area but still with
all necessary functions and private
courtyard, for individual tenement.
For parents with one kid, the
middle size.
Three generations under one roof,
living with parents is part of the
traditional culture, or parents with
one more kid, recently Chinese
government had announced policy
that encourage couples have three
kids.

Basic demands for daily life,
including food, drinks, kitchen and
restroom supplier.
Office area for the employees in the
building.
For the children

The vehicle elevator will bring cars
to the parking lot at each floor.
Food Hub
For self-sustain and in-place
employment concern.
Equipment
Mechanical, electricity, plumbing,
and fire protection.
Table 4. Space Requirement
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5.8 Project Statement
This project statement section serves as the conclusion for the previous research as well as
guidance for the next step of the design. A design thinking map was generated, which is
presented in Figure 41. Four elements are included: (1) traditional Chinese architecture; (2) the
fourth-generation residential building concept in China; (3) a timber-structure building with
prefabricated CLT modular construction; and (4) sustainability. These four elements are
independent ideas but also related to each other. The core value of traditional Chinese
architecture is the pursuit of harmony between humans and nature, which shares the same spirit
with sustainability to some degree, as the ultimate goal of sustainability is also a willingness to
benefit nature and humans. The CLT structure is related to both traditional Chinese buildings as
well as the sustainability concern. Compared with conventional construction methods,
prefabricated CLT modular timber structures save costs and energy and are renewable; thus, they
are sustainable. Traditional Chinese architecture is mainly built using wood and involves
modular thought in terms of layout and components. Several design elements were extracted,
based on which an archetype was produced for further adaptive application in different climate
zones.
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Figure 41. Design Thinking Map
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6 DESIGN
Based on the design thinking map, this chapter illustrates how the outcome was generated and
provides a comparison between the proposed design and the benchmark. Due to most residential
buildings in China appearing as part of the community, rather than independent single buildings,
this study is essentially about an archetype, with a single building as the research emphasis; thus,
the benchmark was not a specific project; instead, different benchmarks were provided
correspondingly; for example, to study the layout, the proposed layout was compared with the
most common and typical layout of existing residentials in Shanghai, while to study rainwater
collection, a residential project with rainwater strategies was conducted. All of the different
benchmarks are typical and valuable for research.
6.1 Shape Selection
The aim of the shape selection was to provide the basic building shape and then compare it with
the benchmark to determine how much the proposal improved in terms of solar gain. Then, the
selected basic shape was further developed in a more organized manner by adding a variety of
functional spaces. Figure 42 presents the typical residential layout in Shanghai, but actually it is
also a common scenario in other Chinese cities. Due to the development level, a simple
rectangular block is easy to construct and saves costs; however, it has also created a tedious
urban façade. It should be noted that although the method of conducting solar gain analysis for
shape selection has similarities with the criteria analysis, solar gain was not a criterion in this
study. It was an important architectural consideration only for shape selection.
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Figure 42. Typical Residential Layout In Shanghai

The proposed design attempted to change this fact and aimed to improve solar performance;
therefore, a three-pointed shape was adopted. The typical size of a single residential building is
42 m (138 ft) by 14.6 m (48 ft), which was the size of a basic block in the solar analysis, as
depicted in Figure 43. With the same site area, the proposed design utilized a three-pointed shape
layout with three basic blocks. The analysis examined and compared the solar performance
between the three-pointed shape layout and a conventional parallel layout also with three blocks
during winter solstice. The height of the building for each layout was 54 m with 18 stories.
According to the local legislation for residential buildings in Shanghai, the minimum solar gain
requirement is 1 hour during winter solstice, which is represented in red, while the gray part of
the perimeter indicates that the requirement was not met.
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Figure 43. Solar Analysis

Solar Gain

Proposed
72% of the
perimeter met
the requirement

Benchmark
49% of the
perimeter met
the requirement

Criteria
Minimum
1-hour solar gain
during winter
solstice

Result
Compared with
the benchmark,
the proposed
layout improved
47% in terms of
solar gain

Table 5. Solar Gain Result

The calculations revealed that in the proposed three-pointed shape layout, 72% of the perimeter
met the requirement, whereas in the benchmark with a typical parallel layout, only 49% of its
perimeter met the requirement. Thus, the proposal represented a 47% improvement over the
benchmark; moreover, the solar gain duration of the proposed layout was mostly greater than 4
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hours, which was also far superior to the benchmark. Thus, the proposed three-pointed shape was
adopted.
6.2 Layout Organization
The layout organization was developed from the basic three-pointed shape. Some functional
spaces were added and organized in an appropriate manner. According to Figure 43, although the
proposed layout shape was far superior to the conventional layout in terms of solar gain, the
north side would rarely be exposed to the sun. To respond to this, the sky parking lot mentioned
in Table 4 (space requirement) was placed on the north side, as indicated in Figure 44, along
with the commercial and equipment areas, thereby ensuring that all of the housing units would
have access to sunlight.
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Figure 44. Color-Coded Layout

Because both the parking lots and commercial areas are vertical, there should be a passage
connecting each functional space for the street front stores, as depicted in Figure 45. The housing
units will also have three different sizes for corresponding family sizes, namely small (S),
medium (M), and large (L), as also indicated in Figure 45. Different functional spaces, which are
also the prefabricated units, are placed along the passage on each side.

62

Figure 45. Layout Organization

6.3 Massing Study
The massing study illustrated in Figure 46 demonstrates how the final building volume was
generated. Based on the shape produced, the envelope was pulled up according to the proposed
height. To respond to the goal of offering a private courtyard for each unit, the volume was cut
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on each of the three wings to a certain degree to obtain a greater solar gain and view. Finally, the
slope was subdivided into terraces that serve as private courtyards.

Figure 46. Massing Study
6.4 Structural System
According to the basic volume with the terraces generated in the massing study, Figure 47
presents the structural frame of the proposed design. Generally, the structural frame is built using
whole CLT material and consists of numerous bay areas of the same size (3 m × 3 m × 3 m).
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This is because the most common gauge used in China measures 3 m, so it is easy to produce and
construct. The building volume decreases as the stories become higher, as does the building
weight; thus, the upper floors become increasingly lighter, which is beneficial for the stability of
the entire building structure. In addition, the three-pointed layout ensures superior performance
in terms of wind resistance and seismic considerations for the structure.

Figure 47. Structural Frame

Figure 48 presents a selection of commonly used traditional Chinese joinery in connection with
columns and beams. A mortise and tenon can be used to connect the various components in an
interlocking manner without the use of metal components or glue. Wood joineries in traditional
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Chinese buildings work as vibration isolators, reducing the vibrations caused by the external
environment, since the wood material is of high quality in terms of compression and tension.

Figure 48. Selection of Traditional Chinese Joinery

The details of the proposed joinery depicted in Figure 49 were inspired by traditional
architecture. The prefabricated columns and beams made with CLT are connected with mortise
and tenon in a simplified manner. The columns and beams have a uniform size separately,
making them easy to produce, construct, and maintain. Due to the size of the proposed design
and the higher requirements for the buildings of today, external metal connectors and fasteners
were also introduced, which have high tensile strength, thus enhancing the stability of the whole
structure system. To maintain a simple appearance of the structure and restore the traditional
appearance of the wooden building, hidden types of metal fasteners and connectors are applied,
as depicted in Figure 50. Metal parts are embedded in the wooden columns and beams, which
will “disappear” after construction.
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Figure 49. Proposed Joinery Detail

Figure 50. Hidden Metal Fasteners and Connectors in Beams and Columns
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Once the structural frame had been established, the next step concerned the 3D room modular
that would be “inserted” into the established frame as illustrated in figure 51, “insert” is a
metaphor, in fact, the 3D unit modulars and the frame structures are co-constructed floor by floor
during the assembly process. Table 6 summarizes the information regarding the different room
types in the three categories based on their area size, namely small (S), medium (M), and large
(L). The “M” and “S” types have two different areas with different bay numbers. As previously
mentioned, the standard bay size is 3 m × 3 m, and the proportion of each room type was based
on the demographic research in Section 5.3. The “S” type has one bedroom and one bathroom for
a single person, with a target population of university students and employees who live alone.
This room type accounts for 60% of the total number because Shanghai has many universities
and is also one of the most popular destinations for young migrant workers. The “M” type has
two bedrooms and one bathroom for young couples as well as families with three members.
Lastly, the “L” type has three bedrooms and two bathrooms, making it a perfect choice for
families with more than three members. In total, there are six room-type 3D modulars, and their
plans and models are presented in Tables 7, 8, and 9 separately. As indicted in Figure 51, the
materials will be transported to a plant for off-site 3D modular fabrication. When the fabrication
is complete, the parts will be transported to the construction site and then assembled by cranes
and workers.
“S”
(1b1b)
5

6

9

10

“L”
(3b2b)
14

45m2

54m2

81m2

90m2

126m2

Room Type
Bay Number
Area
Proportion

“M”
(2b1b)

60%

30%
Table 6. Room Type Summary
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10%

Figure 51. "Insert"

Figure 52. Process of Prefabrication
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45
m2

S

54
m2

Table 7. “S” Room Type Modular

As shown in table 7, “S” type room in 45m2 has three main function areas from left to right, the
bedroom and living room are placed on the two ends, the kitchen and dining area are in the
middle works as a sounds buffer, make sure they do not disturb each other. As shown in table 8,
one of the bedrooms of “M” type in 90m2 has two doors, easier access to living room and makes
the circulation more flexible.
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81
m2

M

90
m2

Table 8. “M” Room Type Modular
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L 126m2

Table 9. “L” Room Type Modular

In all room types, kitchens are placed close to the home entrance and is the first space will see,
partitions and furniture will also block the sight of some temporary visitors like delivery guy
from seeing inside space, offers more privacy. In all room types, shower area, handwash basin
area and toilet are separated and independent in bathroom, ensure the different user can occupied
in same time.
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6.5 Schematic
The final floor plans are presented in Figures 52–54 and are color-coded according to different
functions based on the aforementioned layout organization. The commercial area was moved
from the north to the center for access to sunlight. The building entrance is to the north and the
vehicle elevators and parking lot are close to the vehicle entrance, offering more convenient
accessibility to both. There are guiding lines and parking areas painted on the floor, making
transportation organized. Besides the commercial area, the elevators, stairs, and equipment space
are all placed in the central space. There are three elevators and staircases for each building
wing. The number of parking spaces is reduced on higher floors since the number of rooms is
also reduced.
As depicted in Figure 52, the central space is used as a lobby two stories high. Vehicles from the
outside will enter and park on each side and not pass through the lobby. Different from the first
floor, the upper floors (as indicated in Figure 53) will have a circular pass way in the center,
which will function as a roundabout. Since the traffic load for this circular street will not be
heavy, it will most commonly serve as a pedestrian street with commercial areas, such as a gym,
daycare, and 24-hour convenience store on each side, giving the indoor space an outdoor feeling.
Besides the commercial purpose, the central space will also be used as an atrium that will
function like a garden. Figure 54 presents a plan of the 13th floor. The building is 15 stories high,
so the space on top is three stories high. There will be a gallery and a club, and a food hub will
also provide the self-sustaining purpose of the building. The parking lot to the south of the
atrium was removed.
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Figure 53. 1st Floor Plan Color-Coded
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Figure 54. 9th Floor Plan Color-Coded
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Figure 55. 13th Floor Plan Color-Coded
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Figure 56. Site Plan

Figure 55 presents the site plan of the building. The one-direction vehicle driveway is located to
the north and offers accessibility to both two-vehicle entrances. The two pedestrian paths on the
left and right are close to the building. The landscape design is inspired by the building shape.
Furthermore, lawn stripes of different colors interact with the building shape. The large lawn also
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offers a good opportunity to appreciate the sunshine as well as the city and river views. The
garden on the rooftop is a good place for people to relax and also serves as a thermal buffer and
rainwater collector that can absorb precipitation.

Figure 57. Bird’s Eye View – Overall

Figures 56 and 57 illustrate the exterior rendering of the building. The terraced balconies are the
private courtyard of each unit, each of which has a perfect view. Moreover, every courtyard has a
vegetation barrier, giving them more privacy and offering an opportunity for people to appreciate
nature in their own home. The vegetation barrier also works as a sound buffer. The wooden
structural envelope and the vegetation give the building a highly natural feeling.

78

Figure 58. Bird’s Eye View 2 – Vertical Courtyards

Compared to generation 3, the material and construction technology of the proposal has
improved in terms of sustainability, such as the use of wood and the prefabrication construction
method. The basic 3m x 3m x 3m sized space units provide good modular scale to the building.
There is a good balance of interior and exterior space in terms of size and occupancy. Interior
space has much flexibility in room types, and the exterior space allows for an appropriate sized
balcony for each room.
Figures 58 and 59 illustrate the two different scenarios of the central space. There is the public
center that encourages communication and interaction between people, whereas it could also be
an indoor commercial pedestrian area with an outdoor feeling, as depicted in Figure 58.
Furthermore, it could also be an atrium with a park, as depicted in Figure 59. As indicated in
Figure 60, the parking lot allows not only cars but also bicycles and scooters to park. The
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windows do not use glazing but are actually openings decorated with traditional Chinese roof
tiles, allowing air to circulate to minimize the effects of vehicle exhaust.

Figure 59. Commercial Pedestrian

Figure 60. Atrium
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Figure 61. Parking Lot

6.6 Analysis
The three benchmarks created in Chapter 4 were (1) increasing the area of green space, (2)
saving total water consumption, and (3) ensuring interior daylighting.
According to the legislation of Shanghai Municipality, the minimum green area ratio must be
30%, which was also used as a benchmark. The green area ratio was the total green area divided
by the total site area. The total green area combined three parts: the lawn on the ground, the
rooftop garden depicted in Figure 61, and the vegetation barriers on each balcony. The area of
the lawn is 11,000 m2, that of the rooftop garden is 594 m2, and that of the vegetation barrier on
each unit is 1.5 m2. There are 137 households in the building, so the area of the vegetation
barriers is 137 × 1.5 = 205.5 m2, meaning that the total green area is 11,000 + 594 + 205.5 =
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11,799.5 m2. After the calculations, the green area ratio of the proposed design was 86%, as
indicated in Table 10. Thus, regarding the criteria, the proposed design represented a 187%
improvement.

Green Area
Ratio

Proposed
86%

Benchmark
30%

Criteria
Minimum green
ratio area
according to
legislation of
Shanghai
Municipality is
30%
Table 10. Green Area Ratio Result

Figure 62. Rooftop Garden
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Result
Compared with
the benchmark,
the proposed
design improved
the green area
ratio by 187%

The rooftop garden and the balconies also work as rainwater collection system, as depicted in
Figure 62. Rain is collected, filtered, and finally stored in the water tank for further reuse in the
building. It was found that no residential community has applied a rainwater harvest system in
Shanghai. The benchmark was taken from a research paper (Analysis on Present Situation of
Rainwater Utilization in Shanghai Residential Communities) that analyzed how much water
could be saved if a rainwater harvest system was applied to a typical residential community in
Shanghai. The benchmark was a residential community with a 50,000 m2 site area and 4000
residents. The total building ground floor area accounted for 40%, which is 20,000 m2. The
research adopted 1000 mm as the annual rainfall. The amount of collected rainwater per year was
20,000 × 1000 × 10-3 = 20,000 m3, while the total water consumption was 311,500 m3, as
demonstrated in Table 11. The results indicated that the system could save 6.4% of total annual
water consumption (Sun et al.). Based on this research, the proposed design with 137 households
would consume 31,647 m3 of water per year. The area of the rooftop garden is 594 m2, and a
typical green roof can absorb up to 75% of the annual precipitation that falls on it (Johnson,
2008). The average annual rainfall in Shanghai in the last 5 years is 1178.2 mm, so the green
rooftop can harvest 594 × 1178.2 × 10 -3 × 75% = 525 m3. Compared with the green roof, the
balconies can collect 100% of rainwater. The total balcony area is 1485 m2, meaning that the
balconies can harvest 1485 × 1178.2 × 10 -3 = 1750 m3; thus, the total amount of collected
rainwater is 525 + 1750 = 2275 m3, as indicated in Table 12. After the calculation, the proposed
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design can save 7.2% of total water consumption per year, representing an improvement of 13%
in annual water consumption.

Figure 63. Rainwater Harvest System

Table 11. Water Consumption of the Benchmark
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Water
Consumption
(percentage of
water savings
per year)

Proposed
7.2%

Benchmark
6.4%

Criteria
No application
and
requirements of
rainwater
harvest systems
for residentials
currently
Table 12. Water Consumption Results

Result
Compared with
the benchmark,
the proposed
design improved
13% in annual
water
consumption

In addition, the percentage of the floor area with access to daylight was used to measure the
interior daylighting performance. The results in Figure 13 are from a comparison between the
proposed design and the benchmark. Currently, there are no requirements in China regarding
what percentage of the floor area should have access to daylight. Rather, relevant regulations
only concern the duration. For the interior daylighting analysis, the VELUX software package
was used, which is a visualizer simulation tool for analyzing the daylight conditions in buildings.
Figure 63 presents the daylight analysis of the proposed design and a conventional residential
building, which have the same floor area but different layouts and shapes. The daylight factor
(DF) is a daylight metric expressed as a percentage of the amount of daylight available inside a
room. As revealed in the analysis, the floor area within the blue line means that the daylight
availability is lower than 1%, which is considered no daylight accessibility. This area is also
marked as grey. After the calculation, 62% of the floor area of the proposed design has
accessibility to daylight, whereas for the conventional residential building, this was just 33%.
Thus, the proposed design represents an improvement of 88% compared with the conventional
residential building in terms of interior daylighting.
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Figure 64. Interior Daylighting Analysis
Interior
Daylighting
(percentage of
floor area can
access to the
daylighting)

Proposed
62%

Benchmark
33%

Criteria
No application
and
requirements
currently

Table 13. Interior Daylighting Result
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Result
Compared to
benchmark,
proposed design
improved 88%
in interior
daylighting
performance

6.7 Further Application
The archetype was created and examined for superior performance compared with the
conventional design in terms of the benchmarks established. One of the most important goals of
this study was to provide strategies that ensure that the archetype can be further applied in
different dimensions and climate zones. The proposed design concerns the archetype of a single
residential building. Its application in different dimensions combines several single buildings
into a community. The three-pointed shape allows the community combination to be flexible
enough to fit different sites with different shapes, as depicted in Figure 63. The end of each wing
of a single building will be connected to another, and the central space enclosed by several
buildings will form a park that allows a variety of activities. The proposed design is based on the
environment in Shanghai, which is in eastern China with a warm climate. By contrast, the
northern part can be very cold during winter. Table 13 lists the differences between these two
climates in terms of design strategies. In the northern area, enclosed spaces should be employed
to avoid heat loss during winter, as illustrated in Figure 64. Thus, the balcony would be changed
to a solarium that can offer a warm space even in winter. The rooftop garden will also become an
outdoor ski area in northern China, and the envelope insulation will have a much higher R-value.
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Figure 65. Single Residential Building to Community

South

North

Open Space

Balcony

Enclosed Space

Open Parking Lot

Solarium
Enclosed Parking Lot

Rooftop Garden

Rooftop Ski

Low R-Value Insulation

High R-Value Insulation

Local South Plants

Local North Plants
Table 14. Comparison Between Different Climate Zones
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Figure 66. Balcony Change to Solarium
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7 CONCLUSION
This study aimed to create a high-rise residential building archetype called a vertical courtyard in
response to the current problems in China, to a lesser degree, the archetype was applied to
different climate zones to demonstrate its flexibility in the end of the thesis, this offers a starting
point for further studies with similar research topics. After more than four decades of
development in the Chinese real estate industry, residential buildings in China tend to be
identical because developers follow patterns with the shortest payback periods. Moreover,
traditional architecture has lost its role in today’s context. Chinese architecture has a long
tradition related to sustainability in terms of wood materiality and the pursuit of harmony
between humans and nature; thus, four aspects were included: (1) wooden structure, (2)
traditional Chinese architecture, (3) sustainability, and (4) the fourth-generation residential
building concept. These aspects also served to inspire and guide the design. After comparing the
proposed design with benchmarks, the analysis revealed the proposed design to have superior
performance in all three criteria. The green area ratio of the proposed design increased by 187%
compared with the benchmark. Moreover, the proposed design can save 13% more water than
the benchmark and represents an 88% improvement in terms of interior daylighting performance.
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